
SUMMARY 

The -5_dime~yI~inonaphthdene-I-sulfonyf (dansyl) derivatives of 1,2-d& 
aminaethane, 1,3_diaminopropane; i&diaminobutane (putrescine), spermidine and 
spermine have been separated by high-pressme Liquid cbromatopphy on a Micwpak 
CN-10 column using a programmed solvent gradient elution. The column eluate is 
monitored by a fluorescence detector. This~method has been used to determine the 
Ievels of putrescine, spermidine and spermine in various tissues of rats and in L 2210 
leukemic &lls of mice grown in culture. The tecbniq=e is sufiicientiy sensitive to detect 
CCI. 40 pmofes of putrescine and CCI. 20 pmoIes of spermidine and spermine, is quite 
sp&&c and can be performed rapidly. 

The polyamines spermidine and spe,tine and the d&nine putrescine are dis- 
tibrtted widely in animals and plan&. The exact biolojd role of these compounds 

has not been elucidated, but these amines and their biosynihetic enzymes are elevatid 
in neoplastic tissue and in response to a stimulus which produces growth in normal 
tissueG. Therefore, it has been postulated that these amines pfay an important role 
in cellular gqwtb and they may be necessary for the enhanced pates of deoxyribo- 
aucleic acid (DNA) replication in rapidiy proliferating system9. 

In order to inyesti@e tEe rare ofthese tines &I sow& sensX+e a?d specific 
analytic& procedti are needed to study the Brrctuations in the !eveIs of these amines 
in t&U&. Thus sever& procedures have been reported which involve various analytical 
techniques~=, and the relative merits of many of these methods were summarized in 
a recent reporP3. The most setisitiye methods are prbbably those. of Marton and -Le&’ 
and of S&j&r md WiechmamP. The use of the automatic amino acid analyzer as re- 
ported by Marton and Let+ is an excelle@ procedure for the determination of poly- 
amines in samples of Iimited size such as animal tissues”. However, the high ccst 
of the ins&u&en! p?fudes its use in many laboratories. The method of Seiter and 



Vliechm&n’2 invoIves the formation of the ,c_6Lmethyl~onaphfhzIen~~-s~o~y~ 
(Dns) derivatives of the amineS,- separation on thin-Iayer chromatography (TLC) 
and measurement of the tIu orescence of the Dns derivative-of each amine, aII of whictr 
is quite time consuming. AbdeEMonem and Ohno” reported the separation of the 
Dns derivatives._ of several di- and polyamines using high-pressure liquid chromato- 
graphy (EIPLC). In this paper we describe a sensitive and convenient-method for the 
determination of poIyamines in tissues by use of HFLC for the separation df the DOS 
derivatives obtained directly from the tissue extracts. 

Pukestine dihydrochIoride, spermidine trihydrochloride, spermine tetrahydro- 
chloride and Dns chloride (Dns-Cl) were purchased from Sigma (St. Louis, MO., 
IJ.S.A.). rIPI-Putrescine dibydrochloride, FH]-spkmidine tribydrochtoride, PI-X]- 
spermine tetrabycirochioride and I%]-toluene were obtained from New En&.nd 
Nuciear (Boston, Mass., U.S.A.). Permablend LIZ and Triton X-104) were obtained 
from Packard (Downers Grove, Hi., U.S.A.). Fisher’s medium for Ieukemic ceils of 
mice (modi6ed) (IOX), horse serum, penicillin G and streptomycin were purch&ed 
from Grand Island Biological (Grand Island, K.Y., U.S.A.). Chroroform and iso- 
propanol were A.C.S. grade and were distilled over calcium chloride before use. 
Triethylamiue (Aldrich, Milwaukee, Wise., US-A_) was distilled over potassium hy- 
!&oxide aud then overp-tooluencsulfonyzyl chIoride. Cyclohexane and methyIene chloride 
were distilled in @ass vessels (Burdick & Jackson Labs., Muskegon, Mich., USA.). 
lOther reagents and solvents were reagent grade. Silica gel GF plates (20 x 20 cm, 
25Opm) were obtained from A&tech (Newark, Del., U.S.A.). 

Preparaiion. of timies 
A male Sprague-DawIey rat (350 g) was anesthetized with diethyl ether and 

the Iiver, pro&ate glaud, spleen and brain were removed quickly and chilled in an ice- 
cooled solution of 0.15 No sodium chloride. The tissues were then dried with blotting 
paper, weighed and homogenized in three volumes of 0.4 N perchloric acid using a 
gI.ass tissue grinder (Ace Glass, Vmehmd, NJ., U.S.A..). The tissue homogenates 
were centrifuged at 25,OQOg for 30 miu at 2’. The supernatant was stored-in plastic 
tubes at -20” until required for the analysis. 

L I210 cells were suspended in Fischer’s medium for leukemic c&s containing 
10 7; of horse serum, 13.4 m&f sodium bicarbonate, 50 units/ml- of pcnicihin G and 
50 j&ml of streptomycin. Aliquot portions of the ceil suspension containing L-2- IO6 
&Is were centrifuged at ICKKl g for 5 min at groom remperature. The resulting pellet 
was re-suspended in a 300 pf of 0.3 N pcrchloric acid and then centrifuged. The 
supernatant was stored at -20” until re@imd for ana.&. 

Darqlation reaction 
Disposable glass test-fxbes (16 x -125 mm) were mod for- &is reacti&. The 

following volumes of each of the above tissue extracts were adjust&, if necessary, to 
1COpl with 0.3 N perchlork acid and then diiuted with: LOO@ of WatiF:_pro$atc, 
5 pf ; liver, 25 pl; splw- 15 ~1 i bra& 53 $uEi and L 1210. c&s, 100 ccl; SkxI&d solu- 
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tions for the czdibration graph were prepaid by mixing $0 ~1 of one. of five standard 
solutions qf polyamines, w&h contaked various concentitions of putrescine, sper- 
midine and Epermine in water, with LOOSE of 0.3 * perchhxic acid. ?%e f02owing 
solutions were added tti each tube: 100 ,ul of a satura~%3 softition (room tempe=ture) 
of sodium c2rbonate ; 20 ~1 of20.2 mMsolution of I .Z~iaminoeffiane~hydrochEoride 
(if appqxiate); ad 600 yf of a sol&on of 7 mg/Sll of Dns-Cf iQ acetoIie. The lzd3es 
were stoppered with 2 pI2stic cap 2Rd shaken gerrfry overnight at room tem!pzrature in 
the d&k. The tubes were then immersed in a water bath at 40” a?d the fiquid in each 
tube was evaporated by means of 2 stream of nitrogen. The residue in e2ch fube w2s 
mixed vigorousIy for 20 set with a vortex mixer with 03 mE of w2ter and 5 ml of 
beozene- The tubes were ceRtrifRged at 1008 g for 2 tin and the benzene Eayer was 
transferred to a 12-ml conical centrifuge tube. The tubes were then immersed in a 
water bath at 40” and the benzene was evaporated by means of a stream of nitrogen. 
The residue was stored at -20” for no more than 4 days. &I order to accelerate thz 
process of drying with nitrogen, we used a maRXold which coREd accommodate ES 
tubes simultarieously. 

The recovery of the amines was determined by adding a soZRtion containing 
I-2 - 10s dpn of PH&putres&Re, -spermidine or -spermine to the tissue extracts. 
These samples were treated 2s described above, except that the benzene extract of the 
Dns derivatives was transferred to a glass counting vi2E and then evaporated. A §-ml 
aliquot portion of a cocktail of 5.5 g of PermstbIend IlI in 1 E of toluene was added to 
each vid, and the radioactivity was measured by use of 2 Beckman LS-150 liquid 
scintiII2tioR system- The total amount of tritium added to each reaction was deter- 
mined R&g 2 cocktail of55 g of Permabfend III dissolved in 669 ml of tolueae and 
333 ml of T&on X-100. The counting efkiency was determined using a standard 
solution of f3H]-toluene. 

HPLC- Hl?LC was performed on a system composed of a U6K injector, two 
6ooo sokent delivery systems 2nd 660 solvent prommmer (Waters ASSOC., Milford, 
Mass., U.S.A.), 2 LDC ModeE 1209 BuoroMonitor (Laboratory Data Control, 
lCiviera_ Beach, Fla., U.S.A.) and 2 two-channel strip chart recorder (Honeywell, 
Fort Washington, Pa., U.S.A.). The separation of the Dns polyamines was carried 
out OR 2 Micropak CN-IO column (25 x 2.5 mm; Varian, P210 Alto, Calif., U.S.A.) 
with a sdvent composed of cyclohexane-Isopropsfnol(49 : 1) as solvent A and cycle- 
hexane-methylene chloride-isopropanoI(21:3 :I) as solvent B. The residues of crude 
Das derivatives ohtied above were &soIved in 50 ~1 of methylene chloride and 5-10 
PE of the resulting sofution was injected into the system. The sample was elated in the 
isocratic mode with solvent A for 5 min, aRd then with a pro,mmmed solvent- 
gradient elation using the concave mdienf curve number7. The gradient changed 
from 100% of solvent A to 100% of sokent 33 in IS min at 2 Bow-rate of 3 mE/min. 
The maxim- pressure developed dming the elRtioR was ca. 4500 p.s.l. Each sample 
wti elated in a total of 22 &in, and then the column was allowed to re-equilibrate 
with solvent A for 3 rain before a second sample was injected. 

TR selected sampfes, the purity of the’ cokmn eluates, corresponding to the 
fluores~nt peak for &2ch of the Dns pofyamines, ~2s determined. Each ~fraction w2s 
conceRtrate~I and the residue was exam&z ed by HPLC using a column of Corasil IX 
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CONCEN?X.AIION OF DI- AND POEY AMINES IN SOME IXWES OF RATS AND IN 
L I.210 LEUKEMIC CELLS OF MICE 

tissue I?&escine Spermidine Sperminz 

From’ 337 i 19 _i635 + 327 5365 & 103 
Liver’ - 45$& 14 467+ 9 
Splm* 2i3f 3 1061 & 18 839 & 23 
Erain’ - 356 f 16 236; 4 
L 1210 ceils” 24& 6 267 & 20 65; 6 

* Four aliquots of extracts of prostate, liver and spleen and t&ree aliquots of extmct of brain 
from one rat were am&zed- The canceatrations are in pmoles/mg wet weight (mean * S.D.). 

** Extra% of L 1210 &Is from tkee separate culture tubes were analyzed. Concentrations are 
inpm&s/mg DNA(ixea2 &SD.). 

The percentage recoveries (mean & SD.) of the Dns derivatives of the amines 
from the tiss1zes, from the L I210 cells and from ‘ihe stmdarJ solutions for the cali- 
bration graph were as follows: putrescine, 81 f 3; spermidine, 73 -& 3; and sper- 
mine, 63 & 3. The recovery of spermine from the extrztct of the prostate gland was 
77 f 2%, which is higher thzn for the other tissues, and was not included in the cai- 
culations of the mean perentqe recovery given above. The data in Table I were 
corrected for this di&rence. 

The extracts were processed without ~XX .zdded internal standard and the 
results were skilar to those for spleen shown in Fi g. 5. No peaks were found with the 
siime retention volume 2s that of Dns E,2-diaminoethane. En contrast, peaks with the 
same retention volme zs Dns 1,34iaminopropane were found in the extracts of 
alI of the tissues and of the cells. The fraction of the column eluate corresponding to 
this peak was collected, concentmted and examined by HPLC GQ 2 column of Corasil 
II and by two-dimensional TLC on silica gel. These studies indicated that this fluore- 
scent mbstance was not Dns 1,3-&aminopropane; however, no &tempt was made to 
iden* it, This compound was present in very low concentratiocs relative to the a- 
m&& of 1,Zdiaminopropane added as an infernal standard in the extract of L 1210 
cells, so_ I,?-di&tiopropane could be used .zs an intend standard for these cells. 
But, the concentration of the compound in the kxtracts of the tissues was too large 
to Fennit use of I J-dizzminopropane as zn internal standard without inczrring a large 
error. 

The fractions of the column eluate corresponding to Dns 1,2_diaminoethztne, 
p&escine, spetidine and spermine were collected separately for all of the tissues and 
the sells. The frrtctions were cdncentrate~d and the residues were examined by HPLC 
an a cu1um.n of _Corasil II and by two-dim&tsional TLC on silica gel as described 
-above; Notie of the amines was contm.zinated by more than OS % of other Euores- 
Cent coznp?>unds. 
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Fig. 5. I3PE.b $eparation of the DELS derivatives obtained from t&rat spl~ert. Pe&s: 1 = UD~IIOW~ 
con.d~ent frdm tissues; 2 =.putrescire; 3 = .spermidine; anci 4 = spermine. -beer de&Is as in 
Fig. 3, -_ 




